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(57)Abstract: 

PROBLEM TO BE SOLVED: To unnecessitate any excessively long etching 
time for preparing a void under a device by preparing a void in a substrate, 
accumulating various layers constituting the device, and then packing 
sacrificial materials which can be removed from the void in a short time. 
SOLUTION: A dent is etched on a substrate 101 which is a silicon wafer. A 
thin layer as an electric insulating layer 1 03, i.e., a thermal oxide is made to 
grow on the surface of the substrate 101. Sacrificial materials 105 made of 
phosphoric silica glass(PSG) are accumulated on the substrate 101. and 
the surface is polished and flattened, and the part outside the dent is 
removed. An electrode 1 1 1 is accumulated by Mo sputtering, and this 
electrode 1 1 1 is provided with a conductive sheet in which the means 
square root of height fluctuation is less than 2 ^m. Then, a piezoelectric 
material layer 11 2 is accumulated by AIN sputtering. Finally, an electrode 
11 3 is accumulated by Mo sputtering. A via is opened in the sacrificial 
materials 105. and the phosphoric silica glass is removed by etching. Thus, 
an acoustic resonator 1 10 bridging over the dent 102 can be formed. 
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* NOTICES * 

Japan Patent 0££lce is not responsible for any 
damages caused fay the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (a) the 1st electrode equipped with the electric conduction sheet whose RMS fluctuation of height is less than 
2 micrometers, the 2nd electrode equipped with (b) electric conduction sheet, and (c) - the soxmd resonator 
characterized by having the layer of the piezoelectric material put between said 1st and 2nd electrodes. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the resonator which can be used as a filter for electronic circuitries, if it 

describes in a detail further about a soimd resonator. 

[0002] 

[Description of the Prior Art] The need of making a filter element small firom the need of reducing the cost and 
magnitude of electronic equipment has been continuing continuously. A nonconmiercial electronic instrument like a 
cellular mobile telephone and miniature radio is adding the severe limit to the magnitude of the component included in 
it, and the both sides of cost. The filter which must be aligned with a precise fi-equency is used for the equipment of such 
a large number. Therefore, efforts to offer cheap and compact filter equipment continue. 

[0003] One filter element which may fiilfiU such needs consists of sound resonators. These equipments use the bulk 
elastic acoustic wave in a thin film piezo-electricity (PZ) ingredient. With one easy configuration, the layer of PZ 
ingredient is put between two metal electrodes. It puts and structure is hung in the air by supporting a perimeter. If 
electric field occur with applied voltage between two electrodes, PZ ingredient will change some of electrical energy 
into the mechanical energy of the form of an acoustic wave. An acoxistic wave is spread in the same direction as electric 
field, and is reflected in an electrode / air interface. 

[0004] While resonating mechanically, equipment appears like an electrical resonator, therefore equipment can be 
committed as a filter. The mechanical resonance of equipment is generated on the firequency to which the thickness of 
the ingredient which an acoustic wave spreads becomes equal to the half-wave length of the acoustic wave to spread. In 
the invention in this application, the firequency of an acoustic wave is a firequency of the electrical signal by which a seal 
of approval is carried out to an electrode, the speed of sound ~ the rate of light ~ a large number - a digit - since it is 
small, the resonator obtained can be extremely vised as a compact. The resonator for the application of the GHz range 
can consist of a diameter of less than 100 microns, and a structure dimension with a thiclaiess of less than several 
microns. 

[0005] The core of a thin film bulk sound resonator (Thin Fibn Bulk Acoustic Resonators, henceforth, FBAR) and a pile 
thin film bulk sound resonator with a filter (Stacked Thin Film Bulk Wave Acoustic Resonators and Filters, henceforth, 
SBAR) is a 2-micron spatter piezo-electricity thin film fi-om thickness 1 [ about ]. The upper part and a lower part 
electrode give the electric field which work as an electric lead, put a piezo electric crystal, and pierce through a piezo 
electric crystal. A piezo electric crystal transforms a part of electric-field energy into dynamics energy next. The stress / 
"distortion" energy which carries out time amount change answer the impression electric-field energy which carries out 
time amoimt change, and is formed. 

[0006] In order to make it operate as a resonator, the air / crystal interface which puts, hangs a piezoelectric fihn in the 
air, and catches an acoustic wave in the film must be prepared. Equipment is usually made on a substrate fi-ont face by 
making an upper part electrode deposit on a lower part electrode, PZ layer, and a degree. Therefore, air / crystal 
interface has already existed in the equipment bottom. The 2nd air / crystal interface must be established in the 
equipment bottom. This the 2nd air / crystal interface are obtained. Some approaches of the conventional technique 
exist 

[0007] The 1st approach is related to etching and removing the wafer which forms the substrate. If a substrate is silicon, 
silicon will be away etched from a background using Heating KOH. The resonator constituted by this at the before [ the 
wafer supported on the edge ] side remains. It makes it very easy for the hole which was able to pierce through and open 
such a wafer to make a wafer very delicate, and to destroy it. Furthermore, if wet etching like KOH is performed on 
those 54.7 etching inclinations, the consistency of a final product, therefore the yield of FBAR/SBAR on a wafer will be 
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restricted. For example, the equipment which has the abbreviation 150micrometerxl50micrometer form width 
constituted on the silicon wafer of standard 530-micrometer thickness needs an abbreviation 

450micrometerx450micrometer background etching pit. Therefore, the abbreviation 1/9 of a wafer can only be used for 
production. 

[0008] The 2nd approach of the conventional technique of establishing air / ciystal interface in the bottom of equipment 
is making air bridge type FBAR/SB AR equipment. Usually, a sacrifice layer (Sacrificiallayer) is installed first and then 
equipment is manufactured on this sacrifice layer. A sacrifice layer is removed near the end of a process, or the end. 
Since all processings are performed by the before side, this approach does not need alignment of both sides, and the 
background hole of a large area. However, the difficulty of a proper is not necessarily in this approach. This approach is 
difficult to carry out to large-sized equipment to the 1st. Usually, a sacrifice layer is Si02 grown up thermally, and this 
is removed using HP. 3000A of etching rates is a part for /from about 1000. In order to etch the lower part area of larger 
equipment than abbreviation 1 50micrometerxl50micrometer or it, the etching time exceeding 500 minutes is required. 
If a metal electrode is dipped in the period etching fluid exceeding 30 minutes too much in addition to a ♦♦♦♦****^ a 
metal electrode will come to exfoliate firom a piezo-electric layer. 

[0009] Since an opening does not exist under equipment, the 3rd approach of the conventional technique is called solid- 
state anchoring resonator (SMR). A large acoustic impedance is made xmder equipment using an acoustical Bragg 
reflection mirror. A Bragg reflection mirror is made ffom the layer of the acoustic-impedance ingredient of height by 
turns. The thickness of each class is fixed to the quarter-wave length of resonance frequency. By sufficient layer, the 
effective impedance in a piezo electric crystal / electrode interface is farther [ than the acoustic impedance of 
equipment ] high, therefore catches the acoustic wave in a piezo electric crystal effectively. 

[0010] Although the above-mentioned problem that this approach makes the film with which a periphery is fixed and a 
core can vibrate freely is avoided, there are many troubles in this approach. Since a metal layer forms the parasitism 
capacitor which degrades the electric engine performance of a filter and selection of the ingredient used for a Bragg 
reflection mirror caimot be used for these layers, it is restricted. Extent of the difference of the acoustic impedance of 
the layer made fi-om an available electrode material is not large. Therefore, many layers are still more nearly required. 
Since this must control the stress conceming each class well, it compUcates a manufacture process. After an a large 
number layer, equipment becomes electric conduction-like less although other active elements are incorporated. It is 
because it is difficuh to make Bahia which pierces through the layer of 10 thru/or 14. Purthermore, the equipment 
reported until now has an effective coupling coefficient quite lower than the equipment which has an air bridge. 
Consequently, the filter based on SMR shows little effective bandwidth as compared with an air bridge. 
[0011] 

[Problem(s) to be Solved by the Invention] If it says widely, the purpose of this invention will be offering the improved 
PBAR/SBAR equipment. 

[0012] Other purposes of this invention are offering the PBAR/SBAR equipment which does not need flesh-side etching 
of a substrate. 

[0013] The purpose of further others of this invention is providing making an opening under equipment with the 
PBAR/SBAR equipment which does not need too long etching time. 

[0014] These and other purposes of this invention will become clear [ firom the following detail explanation and the 

attached chart of this invention ] to this contractor. 

[0015] 

[Means for Solving the Problem] This invention is the approach of making a sound resonator and this. The resonator by 
this invention is equipped with the layer of the piezoelectric material put between the 1st electrode and the 2nd 
electrode. As for the 1st electrode, RMS (square mean square root) of height fluctuation is equipped with the less than 
2-micrometer electric conduction sheet. The resonator is carrying out pons delivery of the cavity in the substrate with 
which the resonator is constituted on it. A resonator makes a cavity in a substrate, and after depositing various layers 
which constitute a resonator in this, it is constituted by packing the sacrifice ingredient which can be removed fi-om a 
cavity in a short time. The front face of the choked cavity is polished and RMS fluctuation of height is set to less than 
0.5 micrometers. It is the 1st to the polished front face. The thickness which secured RMS fluctuation of the height of a 
metal layer to less than 2 micrometers is made to deposit an electrode. A piezo-electric layer is made to deposit on the 
1st electrode, and, next, the 2nd electrode is made to deposit on a piezo-electric layer. Next, Bahia (hole) is opened in a 
cavity, an ingredient is removed through Bahia, and a sacrifice ingredient is removed from a cavity. A suitable sacrifice 
ingredient is phosphorus quartz glass. 
[0016] 

[Embodiment of the Invention] Respectively, with reference to drawing 1 and drawing 2 which are the sectional view of 
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FB AR and SBAR, he can understand this invention still more easily. By drawing 1 , FBAR20 was equipped with the 
upper part electrode 21 and the lower part electrode 23, and these have put some sheets of the piezo-electric (PZ) 
ingredient 22. Suitable PZ ingredient is alumimium nitride (AM). Although the electrode used for a resonator 20 is 
suitably made from molybdenum, the operation gestalt which uses other ingredients can also be constituted. 
[0017] The bulk elastic acoustic wave in a thin film PZ ingredient is being used for these equipments. If electric field 
arise between two electrodes with applied voltage, PZ ingredient will change a part of electrical energy into the 
mechanical energy of the form of an acoustic wave. An acoustic wave is spread in the same direction as electric field, 
and is reflected in an electrode / air interface. 

[0018] While resonating mechanically, equipment appears like an electrical resonator, therefore equipment can operate 
as a notch filter. The mechanical resonance of equipment is generated on the frequency to which the thickness of the 
ingredient which an acoustic wave spreads becomes equal to the half- wave lengdi of the acoustic wave to spread. In the 
invention in this application, the frequency of an acoustic wave is a frequency of the electrical signal by which a seal of 
approval is carried out to an electrode, the speed of soiind - the rate of light - a large number - a digit - since it is 
small, the resonator obtained can be extremely used as a compact. A diameter can constitute the resonator to the 
apiplication of the GHz range from a physical dimension of several micrometer order of about 100 micrometers and 
thickness. 

[0019] Next, drawing 2 which is the sectional view of SBAR40 is referred to. SBAR gives an electric function similar to 
a band-pass filter. SBAR(s)40 are two FB AR filters combined mechanically fimdamentally. The signal which crosses 
electrodes 43 and 44 with tiie resonance frequency of the PZ layer 41 tells sound energy to the PZ layer 42. The 
mechanical oscillation in the PZ layer 42 is changed into the electrical signal which crosses electrodes 44 and 45 with 
PZ ingredient. 

[0020] With reference to drawin g 3 - drawing 7 which is some sectional views of the wafer 101 which constitutes 
FBARl 10 by the approach of this invention, he can understand still more easily the approach by which FBAR and 
SBAR are constituted according to this invention on it. This invention uses the sacrifice layer which consists of 
ingredients far etched easily from the thermal oxidation object used by the approach of the conventional technique based 
on a sacrifice layer. The sacrifice layer is constituted from phosphorus quartz glass (PSG) by the suitable operation 
gestalt of this invention. 

[0021] The hollow 102 is etched into the substrate 101 which is the usual silicon wafer of the type suitably used for 
integrated-circuit manufacture in drawing 3 . The depth of a hollow is less than 30 micrometers suitably. It should note 
carrying out it, because the depth of the cavity imder FBAR is enough for it to be adapted for the variation rate produced 
by the piezo-electric layer. Therefore, a hollow with a depth of several micrometers is enough. 
[0022] The thin layer of the thermal oxidation object 103 is grown up on the surface of a wafer, and it is made for 
phosphorus not to be spread in a layer from PSG. Such diffusion will change silicon into a conductor and this will block 
title electrical operation of the last equipment. 

[0023] In drawing 4 , the PSG layer has deposited on the wafer. PSG is deposited at the temperature to about 450 
degrees C using a silane and P205, and forms the ** glass Mr. matter which is phosphorus about 8%. This low- 
temperature process is conmion knowledge, therefore is not explained to this contractor here at a detail. Since PSG can 
be made to deposit at low temperature comparatively, and is a dilution H2 0:HF solution and is a very clean inactive 
ingredient etched at a very hi^ etching rate, it is suitable selection to a sacrifice layer. The etching rate of about 3 
micrometers is obtained per minute at a dilution rate of 1 0: 1 . 

[0024] An original PSG sacrifice layer is a pedestal inadequate for the configuration of a sound resonator at a regrettable 
thing. It is very coarse when the front face of such deposition fihn is atomically seen on atomic level. The sound 
resonator of a FBAR/SB AR format needs the piezoelectric material which accomplishes a cylinder with a crystal 
perpendicular to the flat surface of an electrode, and grows. Although the attempt into which a piezoelectric film parallel 
enough to the front face of a PSG layer is grown up was performed, since many facets on a split face began crystal 
growth in the various directions also as for best, only most or the inadequate polycrystal ingredient which is not shown 
at all produced the piezo-electric effect. 

[0025] This invention has conquered this difficulty by polishing the front face of PSG and giving a smooth front face 
automatically. If drawing 5 is referred to, by polishing the front face of the PSG layer 105 by the slurry at first, it will 
flatten and become depressed and the part of the PSG layer of the outside of 102 will be removed. Next, PSG which 
remains can be polished using the slurry refined further. If it is not desirable as an altemate method to add polishing 
time amoxmt, one slurry refined further can be used for two polishing steps. A target is producing "mirror"-like 
finishing. 

[0026] Cleaning of these wafers is also important. A slurry leaves little silica coarse powder on a wafer. This coarse 
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powder must be removed. With the suitable operation gestalt of this invention, this is performed using the 2nd polish 
rin^ to which a hard hard pad like the poly tex (PolytexTM) (Connecticut and Rodel) was attached. Deionized water is 
used as lubricant. The wafer is put in into deionized water after polishing until preparation of the last cleaning step is 
completed. A wafer should not be dried between the last polishing step and the last cleaning step. The last cleaning step 
consists of soaking a wafer in a series of tanks which are in close [ of various chemicals ]. Ultrasonic churning is added 
to each tank. Such a cleaning base is common knowledge, therefore is not explained to this contractor here at a detail. It 
tums out that the cleaning machine of the megasonic (MegasonicTM) format which can come to hand from Ameramade 
in American California is suitable. 

[0027] This invention is based on wonderful discovery of giving the substrate to the deposition of the c-axis 
piezoelectric material of very regular structure the piezo-electric property which was excellent irrespective of the fact of 
not having the crystal structure from which such a smooth front face serves as a "kind" of a piezo-electric layer is 
proved [ deposition ]. 

[0028] Coarse powder consists of silica particles. With the suitable operation gestalt of this invention, #1508 (Rodel, 
#1508) slurry by Rodel who is the ammonia subject slurry of a silica particle is used. 

[0029] Althou^ the upper explanation has shown specific polish and the format of cleaning, the format of any polishes 
which give the front face of required smoothness, and cleaning can be used. With the suitable operation gestalt of this 
invention, the last front face is measured with a nuclear microscope probe, and has RMS fluctuation with a height of 
less than 0.5 micrometers. 

[0030] After cleaning a front face, lower part electrode 111** of FBARl 10 is deposited as shown in drawing 6 . A 
suitable electrode material is molybdenum. However, probably, other ingredients will be clear to this contractor. For 
example, an electrode can consist of aluminum, W, Au, Pt, or Ti. Molybdenum is suitable because of the low 
thermoelastic loss. For example, there is [ about 56 times ] little thermoelastic loss of Mo as aluminum. 
[0031] The thickness of a lower part electrode is also important. A thick layer is coarser than a fihn. As described 
above, it is very important for the engine performance of the last resonator to maintain the smooth front face for 
deposition of a piezo-electric layer. Therefore, the thickness of a lower part electrode is less than lOOOA suitably. Mo is 
suitably deposited by sputtering. This gives Mo layer which has RMS fluctuation with a height of less than 2 
micrometers. 

[0032] Since it finishes depositing a lower part electrode, the electrode layer 112 is deposited. The suitable ingredient 
for piezo-electric layers is AIN, and also deposits this by sputtering. It carries out depositing AIN on forming a piezo- 
electric layer to not explaining this deposition process to this contractor here at a detail, since it is common knowledge. 
With the suitable operation gestalt of this invention, the thickness of a piezo-electric layer is among 0.1 to 10 
micrometers. 

[0033] The upper part electrode 1 13 is made to deposit finally. An upper part electrode also consists of Mo suitably. 
However, since the thickness of this electrode does not influence deposition of a piezo-electric layer, it is not so serious. 
[0034] After depositing FBAR structure, Bahia is opened in the lower sacrifice layer 105, and as shown in drawing 7 , 
PSG is removed by etching with a dilution H2 0:HF solution. Thereby, **** FBARl 10 remains on the original hollow 
102 cross-linking this morning. 

[0035] The upper example uses the configuration of FBAR. However, probably, it will be clear to this contractor from 
the upper explanation that SB AR can be constituted using the same process. In SBAR, an another piezo-electric layer 
and an another electrode must be deposited. Since the 2nd piezo-electric layer is constituted on the upper part electrode 
of "FBAR", it must give a suitable front face to also maintain the thickness of an upper part electrode to lOOOA, and 
deposit the 2nd piezo-electric layer. 

[0036] Other ingredients can be used for it although the above-mentioned operation gestalt of this invention uses the 
sacrifice layer which consisted of PSGs. For example, the glass of other gestalten like BPSG (Boron-Phosphor-Silicate- 
Glass: boron, phosphorus, silicon, glass) or spin glass can be used. There is plastics like the poly vinyl which can 
otherwise be deposited on the substrate placed by spinning on an ingredient or into the special chamber, polypropylene, 
and polystyrene. These sacrifice layers can be removed by organic removal material or 02 plasma etching. Since the 
front face of these deposited ingredients is not atomically smooth like [ in the case of a PSG sacrifice layer ], polish with 
ttiese ingredients is also very important, 

[0037] As mentioned above, although the example of this invention was explained in fiill detail, the example of each 
embodiment of this invention is shown hereafter. 
[0038] (Embodiment 1) 

(a) the 1st electrode (23 45,1 1 1) equipped with the electric conduction sheet whose RMS fluctuation of height is less 
than 2 micrometers, the 2nd electrode (21 44,1 13) equipped with (b) electric conduction sheet, and (c) - the sound 
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resonator (20 40,1 10) characterized by having the layer (22 42,1 12) of the piezoelectric material put between said 1st 
and 2nd electrodes. 

[0039] (Embodiment 2) Said 1st electrode (23 45,1 1 1) is a sound resonator (20 40,1 10) given in the embodiment 1 
characterized by including molybdenum. 

[0040] (Embodiment 3) The layer (22 42,1 12) of said piezoelectric material is a soimd resonator (20 40,1 10) given in 
the embodiment 1 characterized by including AIN. 

[0041] (Embodiment 4) A sound resonator given in the embodiment 1 characterized by having equipped the front face 
with the substrate (101) which has a cavity (102) further, and said 1st electrode (23 45,1 1 1) having constructed the pons 

over said cavity (102) (20 40,1 10). 

[0042] (Embodiment 5) The depth of said cavity (102) is a sound resonator (20 40,1 10) given in the embodiment 4 
characterized by being less than 30 micrometers. 

[0043] (Embodiment 6) Said front face of said substrate (101) is a sound resonator (20 40,1 10) given in the embodiment 
4 characterized by having the electric insulation layer (103). 

[0044] It is the approach of manufacturing a sound resonator (20 40,1 10) on the substrate (101) which has a top face. 
(Embodiment 7) (a) They are the step which makes a hollow (102) on said top face, and the step which puts a sacrifice 
ingredient (105) in the (b) aforementioned hollow (102). Said packed top face which becomes depressed (102) The step 
to which it is set to said top face and this level of said substrate (101), and is made for said top face to have RMS 
fluctuation with a height of less than 0.5 micrometers, (c) The step which makes the 1st electrode (23 45,1 1 1) deposit on 
said top face, (d) The step which makes the layer (22 42,1 12) of piezoelectric material deposit on said 1st electrode (23 
45,1 11), (e) - the step which makes the 2nd electrode (21 44,1 13) deposit on the layer (22 42,1 12) of said piezoelectric 
material, and (f) - the approach characterized by having said step removed from becoming depressed (102) for said 
sacrifice ingredient (105). 

[0045] (Embodiment 8) Said sacrifice ingredient (105) is an approach given in the embodiment 7 characterized by 
including PSG, BPSG, spin glass, poly vinyl, polypropylene, and the ingredient chosen from the group containing 
polystyrene. 

[0046] (Embodiment 9) said said step packed for becoming depressed (102) - (a) - the step on which becoming 
dq)ressed (102) makes the layer of said sacrifice ingredient (105) deposit, and (b) - the step which makes a flat surface 
said deposited layer, and (c) - an approach given in the embodiment 7 characterized by including the step which 
polishes said flattened layer. 

[0047] (Embodiment 10) An approach given in the embodiment 9 characterized by including the step to which are the 
front face and the step prepared for becoming depressed (102) of said substrate (101), and it is made for the element in 
said sacrifice ingredient (105) not to dififtise [ said electrical insulation material ] the layer of an electrical insulation 
material (103) in said substrate (101) before depositing the layer of said sacrifice ingredient (105). 
[0048] (Embodiment 1 1) Said 1st electrode (23 45,1 1 1) is an approach given in the embodiment 7 characterized by 
including molybdenum. 

[0049] (Embodiment 12) The layer (22 42,1 12) of said piezoelectric material is an approach given in the embodiment 7 
characterized by including AIN. 

[0050] (EmbocKment 13) Said depth which becomes depressed (102) is an approach given in the embodiment 7 
characterized by being less than 30 micrometers. 

[0051] Various draft amendments to this invention will become clear [ from old explanation and an attached chart ] to 
this contractor. Therefore, it shall limit only by the claim which wrote this invention in addition. 
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